Abstract This paper presents the estimation of the frequency responses and chirp parameters of directly modulated lasers, and the measurement of linewidth of tunable laser and frequency response of photodetector based on optical and electrical spectrum analysis.
Introduction
In the measurement of high-speed optoelectronic devices, we always encounter a cascaded network of electrical/optical (E/O) and optical/electrical (O/E) devices. If we want to measure the response of an E/O device, we must use a known O/E device as a calibration standard, and vice versa. Therefore, obtaining an accurate calibration standard is the problem we must overcome. In this paper we present a simple method for estimating the modulation characteristics based on optical spectrum analysis and an improved optical heterodyne techniques for characterizing high-speed photodetectors. The major advantage of these two methods is that the corresponding optoelectronic calibration standards are not needed in the measurement.
Frequency Response Estimation of Directly Modulated Lasers
The optical spectrum analysis of optical modulators has been studied systematically [1] . However, few researches have been worked on semiconductor lasers. We propose a simple method for estimating the frequency responses of the directly modulated lasers from optical spectra [2] . The optical spectrum of modulated semiconductor laser is measured and the powers of the main peak and the first sidebands are extracted. The frequency modulation (FM) index is then characterized by the extracted powers. When we change the modulation frequency, the frequency response can be obtained. The main advantage of this method is that the measurement setup is very simple. Only a microwave source and an optical spectrum analyzer are needed and there is no need to use a calibrated broadband photodetector. Experiments show that the proposed method is as accurate as the swept frequency method using a microwave network analyzer, and is applicable at a wide range of modulation power.
Chirp Parameter Measurement of Directly Modulated Lasers
We measure the powers of the main peak and the first and second sidebands and extract the intensity modulation (IM) index and the frequency modulation (FM) index. As a result the chirp parameter is extracted [3] . Because highspeed photo-detectors are not used, the measurement setup is significantly simplified. The accuracy of our methods is as good as the traditional methods, such as differential absorption spectra method, pulse propagating method and carrier-sideband interference method [4] . Based on the relationship among the optical powers of the carrier and sidebands, a graphical solution using a contour map is also developed for measuring the chirp parameter directly.
Fig. 1 Measurement setup Fig. 2 Measured magnitude of the beat signal Characterization of Tunable Lasers and Frequency Response of Photodetectors
Supposed a square-wave voltage is applied to the phase tuning section, causing the output switched from one wavelength to another periodically. In each tuning period, the wavelength switching will experience an unsteady process [5] . A simple method is developed to estim100ate the tuning speed [6] . The beat signal frequency depends on the wavelength difference which is corresponding to the amplitude of the square-wave tuning signal.
The measurement setup shown in Fig. 1 can also be used to measure the linewidth of tunable laser and the frequency response of high-speed photodetector [6] . The beat frequency is controlled by adjusting the amplitude of the square-wave tuning signal. The linewidth of the optical spectrum can be determined from the measured the linewidth and lineshape of the beat signal. Fig. 2 shows the measured magnitude of the beat signal when the low voltage level of the square-wave voltage is fixed and the high voltage level varies in a certain range. This makes the beat frequency sweep from DC to 30 GHz. Compared with conventional double laser heterodyne method, the beat signal of our scheme is very stable because the two lightwaves are from the same tunable laser. However, this technique suffers from the fluctuations in linewidth and optical output power of the tunable laser [6] . It is expected that if the linewidth of the laser diode is narrow enough, the optical heterodyne technique can be used to realize broadband microwave sweeping source [7] . The proposed method can also be applied to the frequency response measurement of LiNbO3 optical intensity and phase modulators.
Conclusions
The measurement of the frequency response and the chirp parameter of directly modulated lasers have been established based on the optical spectrum analysis. This technique is very attractive because the measurement frequency range depends only on the microwave source and there is no need to use a calibrated broadband photodetector. An improved self-heterodyne method is proposed for characterizing tunable lasers and photodetectors. After removing the effects of the variations in the optical power and the linewidth of the beat signal, the measurement accuracy can be significantly improved.
